ABSTRACT Sheldrake is a duck breed widely used for its meat and eggs. In this study, the quantities of abdominal fat, sebum, intramuscular fat and liver fat, meat quality (pH, cooking loss, drip loss, and shear force), and expression and activity of several enzymes at different ages were determined. The results showed that the fat content increased (P < 0.05) during the aging process (90 d, 180 d, 270 d, and 360 d). Fatty acid synthase (FAS) and malic enzyme (ME) were chosen to represent the activity of lipid biosynthesis in Sheldrake ducks. The quantitative real-time PCR and enzymic activity data showed that the expression of both FAS and ME were generally up-regulated along with aging. Based on these results, the individual ducks were selected at 180 d and 360 d for analyzing the changes of serum lipid levels and related enzymic activities in liver. The contents of triglycerides (TG), total cholesterol (TCH), high-density lipoprotein (HDL), and low-density lipoprotein (LDL) in serum were found not significantly different (P > 0.05). However, we thought that the variation of TG/HDL (P < 0.05) might explain the increased fat deposition. Moreover, the activities of lipoprotein lipase (LPL) and hepatic lipase (HL) were both detected significantly up-regulated at 360 d (P < 0.05). The meat quality results of breast muscles indicated that pH, cooking loss, drip loss, and shear force values could all be affected by aging. Considering these results, we concluded that the best quality of Sheldrake duck meat occurs between 180 d and 270 d. These results might provide useful information for Sheldrake cultivation and research on lipid metabolism.
INTRODUCTION
Fat deposition in animals, including subcutaneous fat (SF), abdominal fat (AF) and intramuscular fat (IMF), can influence feed cost, meat quality, and human health (Gao and Zhao, 2009; Lee et al., 2010; Raj et al., 2010) . Meat quality can be evaluated by measuring factors such as water holding capacity, pH, and tenderness. These indices were all reported to be influenced by IMF content (van Laack et al., 2001; Lyczynski et al., 2006; Jeleníková et al., 2008; Yuan et al., 2011; Pietruszka et al., 2015) . Thus, IMF is considered correlated with meat quality. In lipid metabolism, data on various related enzymes are available. Fatty acid synthase (FAS) is a crucial, rate-limiting, multifunctional enzyme in lipogenesis and deposition. FAS can catalyze acetyl-CoA and malonyl-CoA to synthesize fatty acids. It is the primary source of fatty acids in lipid biosynthesis (Wakil, 1989; Smith et al., 2003) . Malic enzyme (ME) can catalyze malic acid to generate pyruvic acid and C 2018 Poultry Science Association Inc. Received September 28, 2017 . Accepted February 16, 2018 Corresponding author: daodongpan@163.com CO 2 , accompanied with the reduction of nicotinamide adenine dinucleotide phosphate (NADP + ). It provides materials and energy for acetyl-CoA transportation and fatty acid synthesis (Chang and Tang, 2003; Detarsio et al., 2004) . ME has also been reported associated with IMF deposition (Heyer and Lebret, 2007) . Lipase (LPS) (Winkler et al., 1990) , lipoprotein lipase (LPL) (Enerback and Gimble, 1993) , and hepatic lipase (HL) (Ramsamy et al., 2000) are other enzymes that represent the activity of lipid metabolism. Data on the relationship between lipid metabolism and meat quality have been reported in mammals, chicken, and meattype duck (Lee et al., 2010; Jo et al., 2013; Zhang and Li, 2014; Li et al., 2016) . The Sheldrake duck used in this study is a dual-purpose breed widely used for both meat and eggs. It is widely raised all over the world, especially in Asia. In poultry, lipid synthesis is primarily located in the liver (Fishman and Brady, 1976; Hermier 1997) . Thus, it might be meaningful to study lipid biosynthesis in the liver and its potential effect on fat deposition at different positions and meat quality in Sheldrake duck.
In this study, fat contents of SF, AF, and IMF at different ages were measured. Activities and expressions of related enzymes in liver and blood lipid changes 2005 were also determined to study their relationship to fat deposition in Sheldrake duck. Moreover, meat quality factors in breast muscle were also determined to learn their relationship with IMF deposition. These results might provide useful information for Sheldrake duck production and further research on duck lipid metabolism.
MATERIALS AND METHODS

Ethics Statement
All experimental protocols were approved by Animal Ethics committee of Ningbo University (Ningbo, China) and met the guidelines of the Institutional Animal Care and Use Committee (IACUC).
Sample Collection
All Sheldrake ducks used in this study had the same genetic background. Ducks were sampled at 90 d, 180 d, 270 d, and 360 d. At each age, 6 ducks (3 male and 3 female) with similar weight at each age were selected and slaughtered by jugular venesection after fasting for 12 h. Liver and breast muscle samples were rapidly collected and put in liquid nitrogen, then store at -80
• C. The residual muscles were stored at 4
• C for meat quality measurement. Blood was collected, held at room temperature for 1 h, and centrifuged at 3,000 rpm, 4
• C for 20 min. Serum was obtained and stored at -20
• C. All the samples were collected within 3 h. The contents of SF and AF were measured according to the standard protocols (Qiu and Yang, 1993) .
pH Measurement
Two grams of breast muscle, taken at 24 h postmortem, was homogenized at 10,000 rpm with an XHF-D homogenizer (Xinzhi, Ningbo, China) in 10 mL distilled water. Then the mixture was held at 4
• C for 30 min and filtered. The pH of the filtrate was measured using an FE20 pH meter (Mettler-Toledo, Zurich, Switzerland). The pH meter was pre-standardized by a 2-point method against buffer standards of pH 6.86 and pH 4.0.
Drip Loss
One sample (about 4 cm × 3 cm × 1 cm) of each breast muscle was prepared (visible fat and epimysium removed), weighed (m1), and hung in an aerated plastic bag at 4
• C for 24 h. Then the meat sample was weighed again (m2), and the drip loss was calculated with the following formula: Drip loss (%) = (m1 -m2)/m1 × 100. 
Cooking Loss and Shear Force
Each sample was weighed (m3) accurately at 24 h postmortem. And the sample in cooking bag was immersed in 80
• C water bath until reaching an internal endpoint of 75
• C. Then the sample was taken out, cooled down to the internal temperature of room temperature, wiped to remove excess water with blotting paper and weighed (m4) immediately. Cooking loss was calculated as: Cooking loss (%) = (m3 -m4)/m3 × 100.
The same sample was used for the shear force measurement. After cooking, the muscle strips were sampled along the fiber axis using an equipped sampler with a diameter of 1 cm, and the shear force values were determined with a C-LM3B digital tenderness meter (Harbin, China).
Fat Content Determination in Muscle and Liver
The fat content in breast muscle (IMF) and liver tissue were determined following the method of chloroform-methanol extraction (Danielson et al., 1997) .
RNA Extraction and Reverse Transcription
Total RNA in liver tissue was extracted with Trizol reagent (Invitrogen, Carlsbad, CA) and treated with RQ1 DNase (Promega, Madison, WI) to remove DNA according to the manufacturers' protocols. The quality and concentration of the extracted RNA was detected by measuring the absorbance at 260 nm/280 nm using NanoDrop 2000 (Thermo Fisher Scientific, Waltham, MA), and its integrity was further verified by 1.5% agarose gel electrophoresis. The first-strand cDNA was synthesized using M-MLV reverse transcriptase (Takara Bio, Shiga, Japan) following the manufacturer's protocols (He et al., 2016) .
qRT-PCR Analysis
Quantitative real-time polymerase chain reaction (qRT-PCR) analysis of liver tissue was performed on ABI 7300 system (Applied Biosystems, Hercules, CA). The 20.0 μL reaction mixture containing 10.0 μL 2 × SYBR qPCR Mix, 2.0 μL cDNA template, 0.4 μM F-/R-primer (Table 1) , and 0.4 μL ROX reference dye (TransGen, Beijing, China). The cycling protocol was 
94
• C for 3 min, 40 cycles of denaturation at 94
• C for 10 s, annealing and extension at 60
• C for 30 s. Each reaction was performed in triplicate. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was chosen as endogenous internal control.
Determinations of Serum Lipid and Enzyme Activities
The contents of triglycerides (TG), total cholesterol (TCH), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and LPS activity in serum, and the enzymic activities of FAS, ME, LPL, and HL in liver were determined using related reagent kit products (Jiancheng, Nanjing, China) following the manufacturer's protocols.
LPS Activity The substrate buffer (2.0 mL, preheated at 37
• C for 5 min) provided with the kit and the serum sample (50 μL) were rapidly mixed and shaken. After reacting for 30 s, the absorbance value at 420 nm was determined (A 1 ) using a spectrophotometer (standardized with Tris buffer). Then the mixture was immersed in 37
• C water bath for 10 min, and the absorbance value determined at 420 nm again (A 2 ). The LPS activity was calculated as: E = [(A 1 -A 2 )/As] × S × (2.05/0.05)/10. E (U/L); enzyme activity as absorbance value of standard product (provide with the kit) at 420 nm; S, concentration of standard product, 454 μM.
FAS Activity The liver sample was homogenized with physiological saline (1: 9, m/v) and centrifuged at 2,500 rpm for 10 min. The supernatant, reaction Buffer and NAPDH (100 μM) were mixed and kept at 37
• C for 10 min. Then acetyl-CoA and malonyl-CoA were added in and shaken immediately. The changes of absorbance values in 5 min at 340 nm were determined. Distilled water was used as control. ME Activity Tris-Cl Buffer (50 mM), MnCl 2 (1.0 mM), NAPD (0.17 mM), L-malic acid (1.5 mM) and the liver homogenate supernatant were mixed and shaken immediately. The changes of absorbance values in 5 min at 340 nm were determined. Distilled water was used as control. Both the activities of FAS and ME were calculated as:
, enzyme activity; V 1 (mL), final volume of reaction solution; ε, the coefficient at 340 nm; L (cm), light path length; P (mg/mL), protein concentration of liver homogenate; V 2 (mL), volume of liver homogenate; Δe, the changes of absorbance values in 5 min at 340 nm.
LPL and HL Activities TG can be hydrolyzed to glycerol and free fatty acids (FFA) by LPL or HL, and FFA will combine copper ions. It can be detected with copper reagent (DDTC). Unlike LPL, HL does not need to be activated by apolipoprotein C-II and will not be inhibited by protamine or high-concentration salt solution. Based on this, the activities of LPL and HL were determined respectively with the kit following the manufacturer's protocols.
Statistical Analysis
The differential significance was analyzed with oneway analysis of variance (ANOVA) and multiple comparison using SPSS software, and shown as means ± SD. Differences at P < 0.05 were considered significant. Figure 1A) . The AF content at 360 d was significantly higher than at the other 3 ages Figure 2 . Gene expressions and activities of fatty acid synthase (FAS) and malic enzyme (ME) in liver. GAPDH was chosen as the endogenous internal control for qRT-PCR analysis. Data were shown as mean ± SD, and different letters indicated significant differences (P < 0.05) at different ages. 3 Shear force values of chest muscle strips with a diameter of 1 cm were determined using a digital tenderness meter.
RESULTS
Fat Deposition in Different Positions
(P < 0.05). And the SF content results represented a positive relation with aging (P < 0.05) ( Figure 1B ).
Expression and Activity Determinations of FAS and ME
The mRNA expressions and enzyme activities of FAS and ME in Sheldrake duck liver at 90 d, 180 d, 270 d, and 360 d were detected and shown in Figure 2 . The results indicated that the expressions and activities of these 2 enzymes increased during aging process (P < 0.05).
Meat quality determination
Four meat quality-related characters of the selected ducks, including pH at 24 h postmortem, cooking loss at 75
• C, drip loss of 24 h and shear force values were measured and summarized in Table 2 . Significant differences of the cooking loss and pH values were observed during aging process (P < 0.05). Drip loss at 180 d and shear force value at 360 d were both found significantly higher than at the other 3 ages (P < 0.05).
Detection of Conventional Lipid Metabolism Related Indexes in Serum and Liver
Sheldrake ducks at 180 d and 360 d were chosen to determine conventional characters in liver (Table 3) and serum lipid levels (Table 4) . Activities of LPL, HL, and LPL+HL in liver at 360 d were significantly higher than those at 180 d (P < 0.05). However, the differences of TG, TCH, HDL, and LDL levels in serum did not appear significant between 180 d and 360 d (P > 0.05).
DISCUSSION
Fat deposition is an important factor in duck cultivation that influencing feed cost, meat quality, flavor, and so on. In this study, fat contents in different tissues at 90 d, 180 d, 270 d, and 360 d were measured to learn fat deposition in Sheldrake duck. Overall, fat contents in the 4 selected locations and activities of FAS and ME increased during aging process. Considering these results, 2 ages, 180 d and 360 d, were selected to determine the serum lipid levels and the conventional lipid metabolism related indexes in liver. The LPS activity in serum showed that the fat digestion and absorption of Sheldrake ducks were not significantly different at 180 d and 360 d. The activities of LPL, HL, and whole lipase Table 3 . Activities of LPS in serum, LPL and HL in duck liver at 180 d and 360 d. 180 5.76 ± 1.03 3.22 ± 0.44 1.45 ± 0.14 1.11 ± 0.16 3.93 ± 0.38 a 0.75 ± 0.12 360 7.10 ± 1.05 3.01 ± 0.51 1.18 ± 0.28 1.35 ± 0.23 6.08 ± 1.10 b 1.10 ± 0.20 a,b Different superscripted letters indicated significant differences (P < 0.05) at different ages.
(LPL + HL) at 360 d were observed significantly higher than those at 180 d, while the LPS activity showed no significant differences (P > 0.05). LPL was reported able to hydrolyze TG in chylomicron (CM) and very low density lipoprotein (VLDL) into glycerol and fatty acids (Detarsio et al., 2004) . LPL was reported to be either not expressed or expressed at low levels in adult mammals' livers (Enerback and Gimble, 1993) . Our former experiments (unpublished data) showed that duck LPL was moderately expressed in liver tissue and participated in lipid metabolism in cultured hepatocytes (He et al., 2013) . We thought that LPL might function more widely in ducks, and the LPL activity in liver was determined in this study. In duck, LPL could promote fat deposition in extrahepatic tissues and inhibit fatty liver degeneration (Chang and Tang, 2003) . HL could hydrolyze high density lipoprotein (HDL). LPL and HL were considered to influence the lipid levels in serum. But the results in this study showed that all the levels of TG, TCH, HDL, and LDL were detected not significantly different between the ages of 180 d and 360 d. Moreover, TG is an intermediate metabolite in lipid metabolism (Hermier, 1997) , HDL could hydrolyze lipid in extrahepatic tissues and LDL could transport cholesterol synthesized by liver to other tissues (Heyer and Lebret, 2007) . So we thought that the significant difference of R1 (TG/HDL) at 180 d and 360 d might explain the increased fat deposition during aging process. However, as the data also indicated that, the most significant fat deposition at different ages was found in sebum. It could be inferred that the rising lipid metabolism mainly contributed to sebum fat deposition, which is unexpected for both producers and consumers.
Fat deposition in muscle is beneficial to meat quality and flavor. Data in this study show that aging significantly affects IMF content and meat quality in Sheldrake duck. Duck breast muscles with higher IMF contents at 270 d and 360 d is accompanied by higher pH and less cooking loss. There might be a potential relation between IMF content and pH or cooking loss. Whereas, the shear force results indicate that IMF content does not significantly improve duck tenderness, which is not consistent with previous reports (Jeleníková et al., 2008; Pietruszka et al., 2015) . It might be due to the muscle fiber development.
CONCLUSION
It was demonstrated that aging significantly affects fat deposition in Sheldrake duck, including IMF, AF, SF, and fat in liver, most obviously in SF. Aging also influences meat quality, including pH, cooking loss, drip loss and tenderness. And there might be a potential relationship between IMF content and pH or cooking loss in Sheldrake duck. It was concluded that the best quality of Sheldrake duck meat occurs between 180 d and 270 d.
